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Abstract 


Studied were sebaceous glands on the cranial integument of Myotis myotis and Nyctalus noctula by 
using microanatomical methods. Both species are provided with normal sebaceous glands on the whole 
snout. Slightly enlarged sebaceous glands, where secretions emerge by pressing the head against an ob¬ 
ject, are restricted to the lips and the chin in M. myotis, and to the rostral part of the snout in TV. noctula. 
In enlarged sebaceous glands secretion delivery is caused by contraction of the subcutaneous muscula¬ 
ture. In M. myotis one of these glands exists on each side of the head and opens into a brush-like hair 
tuft. Three rows, alltogether consisting of 10 enlarged glands, lie on each side of the snout of TV. noctula. 
Only M. myotis is equipped with an extremely enlarged sebaceous gland on each side of the snout. This 
gland expands through the whole dermis into the subcutaneous musculature and opens into a brush-like 
hair tuft. Although both species are provided with enlarged sebaceous and sudoriferous glands, the mi¬ 
croanatomy, number and arrangement of these glands as well as the amount of enlargement diverge. 
Combined with the different application structures, this shows two completely divergent systems of se¬ 
cretion delivery, application, and distribution. 


Introduction 


Many studies exist on the olfactory communication in mammals as reviewed in Eisenberg 
and Kleiman (1972), Johnson (1973), Adams (1980), and Brown and Macdonald 
(1984). While in the past grossmorphological and microanatomical investigations de¬ 
scribed a large variety of integumentary glands, recent biochemical studies proved that 
enlarged sudoriferous and even some enlarged sebaceous glands produce scent (Bereiter- 
Hahn et al. 1986). In bats, for example, the purpose of a scent gland described by means 
of histology is often as unclear as is the context of scent marking behaviour. Glands on 
the head were investigated by means of histology in many vespertilionid bats (Schaffer 
1938, 1940; Werner and Dalquest 1952; Dalquest and Werner 1954; Sisk 1957; Fenton 
1985; Haffner 1987, 1989; Schmidt et al. 1989; Haffner and Ziswiler 1990) but litera¬ 
ture on scent marking behaviour in bats is rare (Buchler 1980; Muller-Schwarze 1983; 
Lundberg and Gerell 1986; Hoeller and Schmidt 1993). 

To fill in some gaps in the knowledge resulting from describing histology I have 
chosen Myotis myotis and Nyctalus noctula whose marking behaviour and preening 
I often had the opportunity to observe, and I used functional morphology on their 
scent glands. 
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Fig. 1. Four types of sebaceous glands and their secretion, a) normal gland / “passive” secretion, 
b) slightly enlarged gland / pressure against object, Ci) enlarged gland / contraction of subcutane 
muscle, pressure against object, C 2 ) enlarged gland with application structure / contraction of subcutane 
muscle, pressure against object, d) extremely enlarged gland with application structure / contraction of 

subcutane muscle 

application structure (a), epidermis (e), dermis (d), the hairfollicle (hf) contains hair, object (ob), 
subcutis (s), sebaceous glands (sg, dotted), pressure against the object (arrow) 
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Material and methods 

The bats were donated by different people to the Zoological Museum. They had been found either dead 
or badly hurt and had to be killed; they were conserved in 70% alcohol or 10% formalin. 7 adult M. 
myotis (4 males, 3 females) and 37 adult N. noctula (21 males, 16 females) were investigated by means 
of grossmorphology. Ventral or dorsal and lateral views of the snout and chin region were drawn with a 
WILD drawing apparatus for the binoculars. 

4 M. myotis (2 males, 2 females) and 7 N. noctula (4 males, 3 females) were prepared for histological in¬ 
vestigations. For this purpose the skin of the head was dissected and embedded in paraffin, cut in 7- 
15 pm thick slices and stained with Haemalaun-Eosin using conventional methods (Romeis 1968). From 
these consecutive slice series the three-dimensional histoarchitecture of integumental structures was re¬ 
constructed by using a ZEISS drawing apparatus for the microscope. Based on these investigations a 
model for secretion delivery, application and distribution was established. 


Results 

The snout and chin region of both species is sparsely haired. Most of the hairs are thicker 
than normal body hairs and all of them are connected to sebaceous glands. These glands can 
be assigned to four types depending on their size, arrangement and relation to muscles: 

1. Normal sebaceous glands are proportionally correlated to the thickness of the hair; 
they do not reach the base of the hairfollicle (Figs. 1 a, 2 a). 

2. Slightly enlarged sebaceous glands surround the hairfollicle; their diameter is not 
much larger than the hairfollicle (Figs, lb, 2b). 

3. Enlarged sebaceous glands embed the hairfollicle completely; their diameter is 
much larger than the hairfollicle, and striated muscle fibres, connected with the subcuta¬ 
neous musculature, surround the gland like a basket and attach themselves onto its con¬ 
nective tissue covering (Figs. 1 Ci,C 2 , 2 c). 

4. Extremely enlarged sebaceous glands do not only surround the hairfollicle, but they 
expand through the whole dermis into the subcutaneous musculature. Near the orifice of 
the gland the arrangement of muscle fibres is similar to type 3 (Figs. 1 d, 2d, e). 

On each side of the snout of M. myotis a brush-like hairtuft rises up between the ros¬ 
tral Vibrissae mystaciales (Fig. 3 a). The hair in the middle of these hairtufts is supplied 
with sebaceous glands of type 4 which spread within the integument from the hairtuft to 
the eye. Another more sparse hairtuft with sebaceous glands of type 3 is situated more 
dorsad. Except for some slightly enlarged sebaceous glands of type 2 near the lips, all 
other sebaceous glands are of normal size. On the chin two swellings occur composed of 
numerous slightly enlarged sebaceous glands and above the symphysis lies a hairless pro- 
truberance. Except for the sebaceous glands, nearly all hairs on the snout and only some 
on the chin are supplied with sudoriferous apocrine glands in the shape of a simple sac 
which is straight or loosely wound. All these apocrine glands are surrounded by myo¬ 
epithelial cells. 

Based on the histoarchitecture of the glands of M. myotis we can distinguish three 
types of secretion delivery to the orifice of the sebaceous glands: 

- “passive” secretion delivery by overflow of the produced secretion: normal sebaceous 
glands (Fig. 1 a) 

- secretion delivery caused by pressure against an object: slightly enlarged sebaceous 
glands on the chin and near the lips (Fig. 1 b) 

- secretion delivery caused by contraction of subcutaneous muscle, probably supported 
by pressure against an object: sebaceous glands in the minor hairtuft (Fig. 1C 2 ). In extre¬ 
mely enlarged sebaceous glands in the larger hairtuft contraction of the subcutaneous 
musculature, in which the caudal part of the gland is embedded, has the effect of pressing 
out secretions as if from a tube (Fig. 1 d). 
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Fig. 2. Micrographs illustrating a) a hair with normal sebaceous glands (A^. noctula), b) a hair with 
sligthly enlarged sebaceous glands {N. noctula), c) a hair with enlarged sebaceous glands {N. noctula), 
d) an extremely enlarged sebaceous gland {M. myotis ),) a part of an extremely enlarged sebaceous 
gland (M. myotis), f) wound healing on the chin of N. noctula. 
d - dermis, dt - damaged tissue, e - epidermis, h - hair, m - musculature, s - sudoriferous gland, 
sg - sebaceous gland, sm - subcutaneous musculature 
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The secretion can be applied and distribut¬ 
ed directly from the orifice of the gland to the 
aiming point (Fig. 1 a, b) or indirectly via the 
application structure, the brush-like hairtuft, 
as is the case in the four sebaceous glands 
on the snout (Fig. 1 C 2 , d). By means of these 
hairtufts, secretions applied from other glands 
onto an object can also be dispersed. 

There are three rows of three, five and 
two hairs, respectively, with enlarged seba¬ 
ceous glands on each side of the snout between 
the vibrissae of N. noctula (Fig. 3 b). On the 
chin, four swellings composed of numerous 
enlarged sebaceous glands are developed. The 
caudal sebaceous glands are the largest, while 
the rostral ones are the smallest in both chin 
and snout. Although all nuances of enlarge¬ 
ment can be seen in N. noctula, no extremely 
enlarged sebaceous glands exist, such as those 
found in M. myotis. Exactly above the highest 
part of the symphysis is a hairless protruber- 
ance which is, in contrast to M. myotis, often 
the most prominent part of the chin (Fig. 3 b). 
The epidermis of this protruberance is thick¬ 
ened, and wounds at different stages of heal¬ 
ing can be seen (Fig. 2 f). Nearly all hairs on 
the snout and a few on the chin have, except 
for the sebaceous glands, sudoriferous apoc¬ 
rine glands in the shape of a loosely wound or 
narrowly coiled tube. These glands are smal¬ 
ler in the chin than in the snout but all are 
surrounded by myoepithelial cells. 

Based on the histoarchitecture of the 
glands I postulate the same two types of se¬ 
cretion discharge for N. noctula as described 
for M. myotis (Fig. la, b). In extremely en¬ 
larged sebaceous glands secretion delivery is 
caused by contraction of subcutaneous muscle, probably supported by pressure against an 
object (Fig. 1 Ci). There are no application structures such as hair tufts found near the ori¬ 
fice of the glands in N. noctula. The secretion can be applied and distributed directly from 
the orifice of the gland (Fig. 1 a-Ci) to the aiming point or indirectly via the application 
structure, the hairless protruberance on the chin (Fig. 2f). 


Fig. 3. Schematic drawings of the heads of 
Myotis myotis (a) and Nyctalus noctula (b) 
and lower jaw of Nyctalus noctula with protu¬ 
berance. Vibrissae mystaciales, V. angulares 
and V. superciliares (squares), brush-like hair¬ 
tufts (stars), orifices of sebaceous glands 
(rings), protruberance (arrow) 


Discussion 

Most terrestrial mammals can reach almost any part of the body with their extremities or 
head and therefore take secretions which are produced at any part of the body and distrib¬ 
ute them practically anywhere. However, the extremities of bats are integrated into the 
flying membrane which would be a handicap for the purpose of secretion distribution. So 
if secretion is to be distributed over the body including the wings and to the nearby sur¬ 
roundings of these flying mammals, it is advantageous to concentrate the glands on the 
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head, which is, due to its movement, best suited for a surface-efficient secretion-disper¬ 
sion. The high density of enlarged sebaceous glands in the integument of the head of 
Myotis myotis and Nyctalus noctula described in this study is typical for many other ves- 
pertilionid bats (Schaffer 1938, 1940; Werner and Dalquest 1952; Dalquest and Wer¬ 
ner 1954; Sisk 1957; Fenton 1985; Haffner 1987, 1989; Schmidt et al. 1989; Haffner and 
ZlSWILER 1990). 

On the one hand both species are able to distribute secretion onto a smooth surface, 
for example onto the wing membranes, simply by pressing the head into the wings and 
dragging the flying membrane over the snout. This pressure causes secretion of small and 
slightly enlarged sebaceous and sudoriferous glands. Sebaceous and sudoriferous secre¬ 
tions probably combine two functions: the grooming and scenting of the flying mem¬ 
branes which could act as a large fan, spreading scent during flight. On the other hand 
aimed distribution of secretions onto hard surfaces, for example in roosts, is done in a 
completely different way by each of the two species. As Kulzer et al. (1985) have shown 
in Rhinopoma hardwickei, sudoriferous secretions are produced in large amounts when 
the animal is excited. The same can be observed in agitated M. myotis and N. noctula. If 
these secretions are to be distributed onto a distinct surface it is practical to place the ori¬ 
fices of glands between the organs of orientation to the nearest surroundings, the vibris- 
sae, as is the case in both species. However, if the surface is hard, rubbing the head 
against it would cause abrasion of the sensitive vibrissae and the orifices of the glands. 
For this purpose application structures are advantageous to distribute the secretion after 
it is pressed onto a hard surface. N. noctula can, for example, distribute the secretion with 
the hairless spot on its chin onto the border of a tree hole, and M. myotis can spread se¬ 
cretion with the brush-like hairtufts on the snout onto a wooden beam in an attic. By 
spreading secretions with application structures, products of the sudoriferous and seba¬ 
ceous glands are mingled. Thereby the sebum could act as a carrier substance for scent 
produced by the a-glands as postulated by Starck (1982). 

Both M. myotis and N. noctula have enlarged sebaceous and sudoriferous glands. 
However, the microanatomy, number and arrangement of these glands and the amount of 
enlargement diverge in the two species and show us, combined with the different applica¬ 
tion structures, two completely divergent systems of secretion delivery, application, and 
distribution. These differences in closely related species can be seen as adaptations to dif¬ 
ferent functions. 
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Zusammenfassung 

Die Mdglichkeiten der Duftmarkiening beim Grofien Mausohr Myotis myotis (Borkhausetiy 1797) und 
beim Grofien Abendsegler Nyctalus noctula (SchrebeCy 1774) (Mammaliay Chiroptera) 

Bei Fledermausen ist die Verbreitung von Duftdriisen iiber die Korperoberflache durch die Integration 
von Extremitaten und Schwanz in die Flughaut eingeschrankt. Anhand von vergleichenden mikroanato- 
mischen Untersuchungen am kranialen Integument zweier Fledermausarten wurden Ausscheidung^ 
Auftragung und Verteilung von Sekreten als ein Funktionskomplex interpretiert. Die Talgdriisen konn- 
ten vier Typen zugeordnet werden. Neben normalen haben beide Arten wenig vergroBerte Talgdriisen. 


118 


M. Haffner 


Bei Kontraktion der subkutanen Muskulatur werden die vergroBerten Talgdriisen ausgepreBt. Wah- 
rend N. noctula pro Schnauzenseite 10 solche Driisen aufweist, rniindet bei M. myotis je eine ver- 
groBerte und eine extrem vergroBerte Talgdriise in einen Haarpinsel. Wahrend beide Arten ein Ge- 
misch aus Sekreten der Talg- und a-Driisen auf die Flughaut auftragen kdnnen, verteilen sie Sekrete auf 
harten Oberflachen, wie sie in den Tagesschlafquartieren vorkommen, auf unterschiedliche Weise. 
N. noctula verstreicht sie mit dem Kinn und M. myotis mit den Haarpinseln auf der Schnauze. 


References 

Adams, M. G. (1980): Odour-producing organs of mammals. Symp. zool. Soc. London 45, 57-86. 

Bereiter-Hahn, X; Matoltsy, A. G.; Richards, K. S. (1986): Biology of the integument. Vol. 2. Berlin, 
Heidelberg: Springer-Verlag. 

Brown, R. E.; MacDonald, D. W. (1984): Social odours in mammals. Oxford: Clarendon Press. 

Buchler, E. R. (1980): Evidence for the use of scent post by Myotis lucifugus. X Mammalogy 61, 525- 
528. 

Dalquest, W. W.; Werner, H. X (1954): Histological aspects of the faces of North American bats. X 
Mammalogy 35,147-160. 

Eisenberg, X E; Kleiman, D. G. (1972): Olfactory communication in Mammals. Ann. Rev. Ecol. Syst. 3, 
1-32. 

Fenton, M. B. (1985): Communication in Chiroptera. Bloomington: Indiana Univ. Press. 

Haffner, M. (1987): Mikroskopisch-anatomische Untersuchungen am kranialen Integument mittel- 
europaischer Vespertilionidae (Mammalia, Chirpotera). Diss. thesis Univ. Zurich. 

Haffner, M. (1989): Mikroskopisch-anatomische und grobmorphologische Untersuchungen am krania¬ 
len Integument von Myotis myotis (Borkhausen, 1797). In: European Bat Research 1987. Ed. by 
V. Hanak, I. Horacek, and X Gaisler. Praha: Charles Univ. Press. Pp. 33-38. 

Haffner, M.; Ziswiler, V. (1990): Mikroskopisch-anatomische Untersuchungen am kranialen Inte¬ 
gument von Myotis blythi (Tomes, 1857). Rev. suisse Zool. 97, 871-875. 

Hoeller, P; Schmidt, U. (1993): Olfaktorische Kommunikation bei der Kleinen Lanzennase Phyllosto- 
mus discolor (Chiroptera, Phyllostomidae). Z. Saugetierkunde 58, 257-265. 

Johnson, R. P. (1973): Scent marking in Mammals. Anim. Behav. 21, 521-535. 

Kulzer, E.; Helmy, L; Necker, G. (1985): Untersuchungen liber die Driisen der Gesichtsregion der 
agyptischen Mausschwanzfledermaus Rhinopoma hardwickei cystops Thomas, 1903. Z. Saugetier¬ 
kunde 50,1-57. 

Lundberg, K.; Gerell, R. (1986): Territorial advertisement and mate attraction in the bat Pipistrellus 
pipistrellus. Ethology 71,115-124. 

Muller-Schwarze, D. (1983): Scent glands in mammals and their function. In: Advances in the study 
of mammalian behavior. Ed. by X F. Eisenberg and D. G. Kleiman. Am. Soc. Mamm. Spec. Pub. 
no. 7,150-197. 

Romeis, B. (1968): Mikroskopische Technik. Miinchen-Wien: R. Oldenbourg Verlag. 

Schaffer, X (1938): Uber die Gesichtsdriisen der spatfliegenden Fledermaus (Eptesicus serotinus 
Schreb.). Z. mikr.-anat. Forsch. 43, 332-334. 

Schaffer, X (1940): Die Hautdriisenorgane der Saugetiere mit besonderer Beriicksichtigung ihres histo- 
logischen Aufbaues und Bemerkungen liber die Proktodaaldrlisen. Mlinchen: Urban und Schwar- 
zenberg. 

Schmidt, U; Hoeller, P; Burger, B. (1989): Facial glands in Miniopterus schreibersi. In: European Bat 
Research 1987. Ed. by V. Hanak, I. Horacek, and X Gaisler. Praha: Charles Univ. Press. Pp. 39- 
48. 

Sisk, M. O. (1957): A study of the sudoriparous glands of the little brown bat, Myotis lucifugus lucifu¬ 
gus. X Morphol. 101, 425^55. 

Starck, D. (1982): Vergleichende Anatomie der Wirbeltiere. Vol. 3. Berlin-Heidelberg-New York: 
Springer-Verlag. 

Werner, H. X, Dalquest, W. W. (1952): Facial glands of the tree bats, Lasiurus and Dasypterus. X Mam¬ 
malogy 33,77-80. 

Author’s address: Dr. Marianne Haffner, Zoologisches Museum der Universitat Zurich, Win- 
terthurerstrasse 190, CH-8057 Zurich, Schweiz 


